Abstract: Studying the variability of rainfall and its future projection during post-monsoon and winter season is important for providing the information to the farmers regarding crop planning. For evaluating rainfall scenario, long and short term (1961-2005 and 1991-2005) rainfall data of nine selected IMD stations of South Bengal was collected and subdivided into 30 year period up to 1990 and a 15 year period from 1991 to 2005. The data were subjected to trend analysis and available GCM data were compared with the observed rainfall data. The postmonsoon and winter rainfall changes during 1901-2005 were positive (except Krishnangar, -47.67 mm) and negative (except Alipore and Berhampur) respectively. During 1991-2005 all the stations recorded a positive change during post-monsoon, while reverse was true for winter. Among the different GCMs, INGV-ECHM4 estimated the postmonsoon rainfall at the best, whereas winter rainfall successfully estimated by MIROC-Hi. Future projection of both post-monsoon and winter rainfall over the region showed an increasing trend. This will help in policy formulation for water management in agriculture.
observed that the amount of rainfall is decreasing in different seasons. Patra et al., (2012) examined the long term changes in rainfall characteristics by using parametric and non-parametric tests over Odisha. Mehrotra et al., (2013) projected an increase in pre-monsoon and post-monsoon rainfall over Karnataka. Parth Sarathi et al., (2015) compared the rainfall pattern in Gangetic Plains of India through different simulation models. The present study centered on the trend analysis of rainfall and its future projection during post-monsoon and winter season in Gangetic West Bengal. The information will be helpful to the farming community to frame their cropping programme during this period.
MATERIALS AND METHODS
The present study has been carried out over the state of West Bengal with a special focus on Gangetic belt. The state is situated in eastern part of the country between coordinates 21°20´N to 27°32´N and 85°50´E to 89°52´E. Nine IMD stations are selected, most of which lie in the southern districts of West Bengal (Table 1) . We considered our study domain extending from 20-26°N and 83-89°E where all available GCMs grid points are located. Two types of data are used in this study, namely, observed station data from IMD Kolkata and the CMIP3 GCMs outputs downloaded from the Program for Climate Model Diagnosis and Intercomparison (PCMDI)
INTRODUCTION
The GWB is the granary of the state. The 70% of agricultural land depends on rainfall. The rainfall during post-monsoon and winter season plays an important role for raising a large number of crops in the area which lacks irrigation facilities. Moreover, a caveat has been sounded by environmental activist on arsenic pollution because of over exploitation of ground water in the Gangetic Plains of West Bengal (Mukhopadhyay and Sanyal, 2004; . Under this situation study of rainfall pattern and its future projection should be the priority of agroclimatic research. Variability pattern in rainfall is greatly important for agricultural activities. Several authors analyzed the assured distribution of weekly rainfall at a specified probability level for identifying the crop growing seasons in GWB (Chakraborty 1990 , Chakraborty and Chakraborty 1991 . Srivastava et al., (1992) analyzed the decadal trends of rainfall over India. . Lohar and Pal (1995) examined the modification of climatic variables due to change in land use pattern during the pre-monsoon season over Southern part of West Bengal. A few authors (De 2001 , Kolli et al., 2002 Rupa Kumar et al., 2002 , Dash and Rao 2003 , Prakas Rao et al., 2004 , Kothawale and Rupa Kumar 2005 ) studied the climatic changes using observed data as well as model results.. Das and Lohar (2005) investigated the climate change information over GWB using General Circulation Models (GCMs). (Table 1) . Two types of data were used in this study namely observed station data, which was collected from Regional Meteorological Centre, Kolkata, and the GCM outputs downloaded from the Programme for Climate Model Diagnosis and Inter comparison archive (PCMDI) on the web link www-pcmdi.llnl.gov/ ipcc/about_ipcc.php. Six GCMs namely INGV-ECHM4, UKMO-HaDCM3, MIROC-Hi, CNRM, GISS and MPI were used in the present study. Two types of simulations namely the 20 th century run and A1b scenarios were used in the present investigation. The characteristics of the model are given in Table 2 . Two types of analysis were performed: the long-term analysis using the data for the period of 1901-2005 and short-term analysis with 30 years period that comprised of 1901-1930, 1931-1960, 1961-1990 and 1991-2005 within the long-term period. To test the accuracy of the model simulation with observations, selected few statistical indices as listed in Table 3 were calculated for the purpose of GCMs validation.
RESULTS AND DISCUSSION
To detect the observed rainfall change signal over GWB, we analyzed the linear trends for a long term period as well as short term period. During postmonsoon season the rainfall change is positive for all the major IMD stations (Table 4) Dash et al., (2007) and Venkatesh et al.,(2008) in some parts of India. However, Patra et al.,(2012) reported an overall decreasing trend of post-monsoon rainfall in Odisha, although a 6.2% increase in post-monsoon rainfall was observed by the authors during the last 10 year study. Contribution of rainfall in October and post-monsoon season increased considerably in Kolkata and S24P districts, observed by Pal et al., (2015) . Post-monsoon rainfall has great impact on agricultural activities. Heavy rainfall during October-November delays the sowing of wheat (Parya et al., 2010) . Decreasing trend in annual rainfall was also reported by Patle and Libang (2014) in North-East India. The authors observed significant negative trend during pos-monsoon season.
The long term linear trend analysis shows that Alipore and Berhampore recorded the positive change while the remaining three stations recorded a negative change in winter rainfall (Table 5 ). In the present study it was observed that the winter rainfall is showing a negative trend from 1991 onwards (Table  5) . Patra et al., (2012) observed that the linear trend for winter rainfall was nearly constant but there was 17.1% decrease in the mean rainfall of last 10 year over normal in Odisha. The variability in winter rainfall has an important impact on agricultural crops. The negative trend in winter rainfall may invite lower productivity of wheat and winter pulses and oilseeds. In Hooghly district, the assured rainfall at 75% probability level during winter is less than 5 mm and AE/PE value is approximately 0.69 (database 1920 (database -1985 . This led to facilitate the sowing of winter pulses and oilseeds during middle of November . GCMs validation: Regional averaged seasonal observed rainfall using five major IMD stations were computed along with regional average of each GCM simulation using available grid points over GWB and its neighbourhood region. We have computed the observed as well as model simulated rainfall trends during the period of 1901-2005 for post-monsoon and winter seasons ( (Table  7) . This suggests that the model estimates the observed rainfall in the post-monsoon season very closely. The MIROC-Hi shows a high D-Index and R values with low NTRMSE which indicate a close association with the observed and simulated winter rainfall data whereas CNRM model is showing very poor performance (Table 8) .
Projected change in rainfall during 2001-2050 over GWB:
The future projection of rainfall scenario is based on five GCMs along with a multi model ensemble (MME5) (Fig. 1 ) using A1B scenarios. Future rainfall will increase in the post-monsoon season which is similar to the observed trend. During winter the projected rainfall will increase however observed rainfall is showing a decreasing trend. Winter rainfall is increasing in the dry tract of the state West Bengal whereas it is decreasing in the new alluvial zone, but the trend analysis recorded positive and negative change in rainfall. Future projection of winter rainfall shows an increasing trend. Increasing trend of rainfall was observed during post-monsoon season in last fifteen year period. Mehrotra et al., (2013) 1.5°×1.5° Table 2 . Different GCMs used in the study. Table 4 . Linear trends of rainfall change pattern in post-monsoon (2016) observed an increasing rate in winter warming which may increase evaporation from soil and water surface and leads to cloud formation and subsequent rainfall. Present study estimated the past and future rainfall change trend focusing on two important season namely post-monsoon and winter using combined approach of station data as well as latest generation GCM simulation. This most probably the first attempt (except Das and Lohar, 2005) evaluated GCMs performance over GWB region and also construction of projected future rainfall from better performing GCMs.
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Conclusion
Present analysis showed that the post-monsoon rainfall recorded a positive trend while the winter rainfall recorded a negative trend during 1991-2005. However the future rainfall will be increasing in both seasons. This information is helpful for farming community to select crop during post-monsoon and winter season along with better water resource management. Although station data indicates winter rainfall is de- creased in the last century and post monsoon rainfall has enhanced many fold but future projection indicates the increasing rainfall scenario in both post-monsoon and winter season. The future enhanced amount rainfall in winter mostly arises from winter warming which is very high and rapid. Enhancement of rainfall may invite more occurance of flood in these seasons. Apart from flood occurrences of disease and pest may be more in future due to increased rainfall. But enhanced rainfall in winter season will be beneficial for rabi crops, winter vegetables as well as boro rice cultivation.
